Effects of substitution of threonine 654 of the epidermal growth factor receptor on epidermal growth factor-mediated activation of phospholipase C.
Addition of epidermal growth factor (EGF) to many cell types activates phospholipase C resulting in increased levels of diacylglycerol and intracellular Ca2+ which may lead to activation of protein kinase C. EGF treatment of cells can also lead to phosphorylation of the EGF receptor at threonine 654 (a protein kinase C phosphorylation site) which appears to attenuate some aspects of receptor signaling. Thus, a feedback loop involving the EGF receptor, phospholipase C, and protein kinase C may regulate EGF receptor function. In this report, the role of phosphorylation of threonine 654 of the EGF receptor in regulation of EGF-stimulated activation of phospholipase C was investigated. NIH-3T3 cells expressing the normal human EGF receptor or expressing EGF receptor in which an alanine residue had been substituted at residue 654 of the receptor were used. Addition of EGF to cells expressing wild-type receptor induced a rapid, but transient, increase in phosphorylation of threonine 654. EGF addition also caused the rapid accumulation of inositol phosphates in these cells. EGF-stimulated accumulation of inositol phosphates was significantly higher in cells expressing Ala-654 receptors compared to control cells. Treatment of cells with 12-O-tetradecanoylphorbol 13-acetate (TPA), which stimulated phosphorylation of threonine 654 to a greater degree than EGF, completely inhibited EGF-dependent inositol phosphate accumulation in cells expressing wild-type receptor, but caused only a 20-30% inhibition in Ala-654 expressing cells. EGF stimulated phosphorylation of phospholipase C-gamma on serine and tyrosine residues in cells expressing wild-type of Ala-654 receptors. However, TPA treatment of cells inhibited EGF-induced tyrosine phosphorylation of phospholipase C-gamma only in cells expressing wild-type receptors. Similarly, TPA inhibited tyrosine-specific autophosphorylation of the EGF receptor and tyrosine phosphorylation of several other proteins in wild-type receptor cells, but not in Ala-654 cells. TPA treatment abolished high affinity binding of EGF to cells expressing wild-type receptors, while decreasing the number of high affinity binding sites 20-30% in Ala-654 cells. These data suggest that phosphorylation of threonine 654 can regulate early events in EGF receptor signal transduction such as phosphoinositide turnover, probably through a feedback mechanism involving protein kinase C. Subsequent dephosphorylation of threonine 654 could reactivate the EGF receptor for participation in later signaling events.